results collected by the space-borne PAMELA and AMS-02 experiments and older measurements pointing to sign-charge dependence of the solar modulation of cosmic-ray spectra. The PAMELA experiment has been measuring the time variation of the positron and electron intensity at Earth from July 2006 to December 2015 covering the period for the minimum of solar cycle 23 (2006-2009) till the middle of the maximum of solar cycle 24, through the polarity reversal of the heliospheric magnetic field which took place between 2013 and 2014. The positron to electron ratio measured in this time period clearly shows a sign-charge dependence of the solar modulation introduced by particle drifts. These results provide the first clear and continuous observation of how drift effects on solar modulation have unfolded with time from solar minimum to solar maximum and their dependence on the particle rigidity and the cyclic polarity of the solar magnetic field. Both cosmic-ray electrons and positrons are produced in the interactions between cosmic-ray nuclei and the interstellar matter. Additionally, since the observed electron flux is about an order of magnitude larger than the positron one (e.g. [1] ), a majority of electrons must be of primary origin, probably accelerated to high energy by astrophysical shocks generated at sites like supernova remnants (e.g. [2] ).
The recent results on the positron fraction measured by PAMELA [3] [4] [5] , Fermi [6] and AMS-02 [7, 8] elicited an enormous interest because of the significant discrepancy with the expected secondary behavior (e.g. [9] ) of this fraction with energy. While most of the excitement was due to the high energy (> 10 GeV) results and their connection with possible new sources, such as pulsar (e.g. [10, 11] ) or dark matter particles (e.g. [12] [13] [14] ), the differences at low energies also attracted considerable interest. These differences were particularly intriguing because previous measurements [15] [16] [17] , which were both statistical and systematical significant, agreed at low energies (< 5 GeV) with the theoretical modelling (e.g. [9, 18, 19] ). This discrepancy was explained as an effect of charge-sign dependence of the solar modulation (e.g. [20, 21] ), since these older measurements were taken during the 90's, i.e. in a period of opposite polarity of the heliospheric magnetic field (HMF) with respect to PAMELA results.
Traversing the heliosphere, galactic cosmic rays (CRs) are scattered by the irregularities of the turbulent HMF embedded into the solar wind and undergo convection and adiabatic deceleration in the expanding solar wind. As a consequence, the intensity of CRs at Earth decreases with respect to the local interstellar spectrum [22] . Solar modulation has large effects on low energy CRs (less than a few GeV) and has negligible effects above energies of a few tens of GeV. Moreover, due to the 11-year solar activity cycle, the intensity of CRs inside the heliosphere changes with time. During solar minimum periods, the intensity of On top of the time dependence, a charge sign dependence of the solar modulation is expected. The gradients and curvatures present in the HMF induce drift motions that depend on the particle charge sign. During so-called A < 0 [41] polarity cycles such as solar cycle 23, when the heliospheric magnetic field is directed toward the Sun in the northern hemisphere, negatively charge particles undergo drift motion from the polar to the equatorial regions and outwards along the heliospheric current sheet. Positively charged particles drift in opposite directions. The situation reverses when the solar magnetic field changes its polarity at each solar maximum. Drift effects are expected to be particularly important during periods of minimum solar activity and have less impact during solar maximum [23] . Indeed, solar minimum activity is the ideal condition to study the global modulation processes that affect the CR propagation inside the heliosphere because very few solar-created transients disturb the modulation region. The coincidental study of positively and negatively charged particles allows to understand the contribution of drift motion to the propagation of CRs.
Furthermore, extending these measurements to solar maximum conditions and reversal of the magnetic field polarity allows to study how drift effects evolve with solar activity and if they actually account for the differences in the experimental results.
In addition to the positron fraction results discussed above, charge-sign effects were invoked to explain the electron (e − + e + ) and proton measurements from a few hundred MeV up to the GeV region by the KET instrument on board the Ulysses spacecraft [24] that explored the high latitude regions of the inner heliosphere from 1990 to 2009 and the antiproton results by the BESS experiment [25] . Clem et al. [26] reported a world summary of the positron abundance measurements as a function of energy for different epochs of solar magnetic polarity together. All these results point at charge sign dependence of the solar modulation but are affected by large statistical and systematic uncertainties. A precise understanding of the effects of solar modulation, which significantly affects the cosmic-ray particle spectra below a few GeV, is fundamental to fully exploit the precise experimental data available nowadays. Low energy positron data, dominated by the contribution of secondary particles, can be used to constrain propagation models and have a strong impact on indirect dark matter searches (e.g. [27] ). Similarly, low energy antiproton data can be used to test models like annihilation or decay of dark matter particles (e.g. [28] ) and evaporation of primordial black holes (e.g. [29] ). Furthermore, the experimental and theoretical investigation of the heliosphere provides information that can be easily applied to larger astrophysical systems (e.g. [30] ).
PAMELA (Payload for Antimatter Matter Exploration and Light-nuclei Astrophysics) is a satellite-borne experiment [31, 32] designed to make long duration measurements of the cosmic radiation. Results on the effects of the solar modulation on the energy spectra of galactic cosmic-ray protons [33] and electrons [34] The apparatus comprises the following subdetectors (from top to bottom): a Time-ofFlight (ToF) system; a magnetic spectrometer; an anticoincidence system; an electromagnetic imaging calorimeter; a shower tail catcher scintillator and a neutron detector. A detailed description of the instruments and data handling can be found in [31, 38] .
To select a clean sample of low energy electrons and positrons, a first selection on the goodness of the reconstructed track, expressed in terms of the χ 2 of the fit, was made. Only single track events were selected. particles. This is due to the presence of spurious hits in the tracker planes which cause a wrong curvature reconstruction of the track. These events are significant at energies below 1 GeV and amount to a few percent of the electron and positron signal. All these hadron background were rejected using a combination of calorimeter variables defined in order to emphasize the different topological development of the electromagnetic and hadronic shower inside the PAMELA calorimeter. For more details on the analysis see [5, 34, 39] . Results. Figure 1 shows the results on the time dependence of the positron to electron ratio. Each of the three panels represents a different energy interval. Data were normalized
to the values measured between July and December 2006. As can be noticed, the statistical errors on the positron to electron ratio increase with time. This decrease in statistics was due to a reduction in the tracker efficiency with time [34] . The red shaded area represents the time interval during which the process of polar field reversal took place. The trends in the observational data shown in Figure 1 can be interpreted in terms of particle drifts. In the context of this charge-sign dependent modulation, the tilt angle [40] of the wavy heliospheric current sheet is the most appropriate proxy for solar activity. 
